Klebsiella pneumoniae is a common cause of septicemia and urinary tract infections. The PCR-supported genomic subtractive hybridization was employed to identify genes specifically present in a virulent strain of K. pneumoniae. Analysis of 25 subtracted DNA clones has revealed 19 distinct nucleotide sequences. Two of the sequences were found to be the genes encoding the transposase of Tn3926 and a capsule polysaccharide exporting enzyme. Three sequences displayed moderate homology with bvgAS, which encodes a two-component signal transduction system in Bordetella pertussis. The rest of the sequences did not exhibit homology with any known genes. The distribution of these novel sequences varied greatly in K. pneumoniae clinical isolates, reflecting the heterogeneous nature of the K. pneumoniae population.
Klebsiella pneumoniae is a common cause of septicemia, pneumonia, and urinary tract infection. As an opportunistic pathogen, K. pneumoniae primarily attacks immunocompromised individuals who are hospitalized and suffer from severe underlying diseases, such as diabetes mellitus or chronic pulmonary obstruction. The virulence factors of K. pneumoniae identified so far include capsular polysaccharides (CPS), lipopolysaccharides, adhesins, and iron acquisition systems. Besides these virulence factors, very little is known about the presence and roles of other gene products that might be participating in the pathogenesis of K. pneumoniae (reviewed in reference 18).
In the last 10 years, the extensive spread of multiple antibiotic-resistant K. pneumoniae strains, especially the extendedspectrum ␤-lactamase-producing strains, has become a major threat to the ever-increasing number of immunocompromised patients. Therefore, novel targets for drug intervention in the bacterial infections are in urgent demand. Several strategies have been developed in the last few years for the identification of bacterial genes essential for infection. These methods include microarray DNA chips (11), a transposon-based footprinting technique (20) , comparative genomics (6), mRNA differential display (1), differential fluorescence detection (25) , and in vivo expression technology using the tandem-reporter system (14, 16) . The use of these approaches has allowed many different virulence-associated genes to be identified.
Differences in DNA sequence form the basis of the different behavior of bacterial strains. Comparison of the genome sequences of nonpathogenic with pathogenic bacterial strains could yield valuable information. The comparison can be made by a bioinformatic approach if the entire genome sequences of the bacteria are available. Alternatively, the recently developed PCR-based subtractive hybridization method (2, 12, 13) can be used to specifically amplify DNA sequence that are present in the virulent but not the avirulent strain. The genes that are common in both species are subtracted, and the DNA fragments unique to the virulent strain are cloned and characterized. This method requires only a small quantity of genomic DNA and is relatively rapid and simple to perform. We here report the results of using the subtractive hybridization technique in the identification of genomic sequences unique to a highly virulent strain of K. pneumoniae.
The K. pneumoniae strains used in this subtraction study were CG43, a high-virulence strain of the K2 serotype with a 50% lethal dose of 10 CFU for laboratory mice (9) , and M5a1, a low-mucoidy, avirulent environmental strain (7) . The chromosomal DNA was prepared by incubating the bacteria grown overnight in a buffer containing 50 mM Tris-HCl (pH 8.0) and 0.6% sodium dodecyl sulfate, which was followed by lysozyme digestion, phenol-chloroform extraction, and ethanol precipitation (19) . The Bacterial PCR-Select DNA Subtraction Kit (Clontech, La Jolla, Calif.) and a PTC-100 Programmable Thermal Controller (MJ Research, Watertown, Mass.) were used in the DNA subtraction, and the procedure was performed essentially as described by the manufacturer of the kit. After the subtractive hybridization, DNA fragments unique to K. pneumoniae CG43 were amplified by PCR, subcloned into pUC18, and transformed into Escherichia coli XL1-Blue, and the transformants were subjected to ␤-galactosidase activity selection. Approximately 200 white colonies were obtained, and 30 of them were arbitrarily selected for further analysis. The average size of the subtracted fragments was approximately 400 to 500 bp, as determined by restriction enzyme digestion and agarose gel electrophoresis.
To verify if these novel sequences are indeed unique to K. pneumoniae CG43, a Southern blot analysis was performed with each of the subtracted DNA fragments as a probe. Among them, five of the clones were also present in M5a1 and were not investigated further. The nucleotide sequences of the rest of the 25 clones were determined with an ABI-377 Autosequencer. The sequence data were analyzed through the World Wide Web by using the BLAST programs (3), provided by the National Center for Biotechnology Information, and the SeqWeb program of the Genetics Computer Group, provided by the National Health Research Institute, Taiwan, Republic of China.
Analysis of the 25 sequences has revealed a total of 19 dis-tinct sequences. These sequences have been deposited in the EMBL and GenBank sequence databases, and the accession numbers are listed in Table 1 . Among them, two sequences were found to match previously identified genes, including genes encoding the transposase of Tn3926 (23) and the capsule polysaccharide export enzyme (4). Three sequences, AJ293850 to AJ293852, displayed moderate similarity to bvgAS (Bordetella virulence genes) of Bordetella pertussis and evgAS, the E. coli homolog of bvgAS (5, 24) . The identities between the amino acid sequences predicted from these three clones and BvgAS were 23 to 33%. The rest of the sequences did not exhibit notable homology with any data file in EMBL and GenBank. Further comparison of these 14 sequences with the genome of K. pneumoniae strain MGH78578, elucidated recently by the Genomic Sequencing Center at Washington University (St. Louis, Mo.), has revealed that 11 of the sequences were not present in the database and appeared to be novel. Analysis of the K. pneumoniae MGH78578 contigs containing sequences AJ293847, AJ293848, and AJ293849 did not reveal any known gene that linked closely with these sequences. The distribution of a gene in a bacterial population can provide an implication for its physiological role. In order to understand the significance of these novel sequences in pathogenesis, we have investigated the distribution of these sequences in pathogenic K. pneumoniae cells by using dot blot analysis. Ambiguous results were verified by using Southern blot hybridization and PCR. A panel of 96 bacteremic, nonoutbreak strains of K. pneumoniae was chosen on the basis of distinct isolation times and types of primary infection. These clinical isolates, numbered from CG1 to CG129, were recovered from blood specimens of patients obtained during the period of 1987 to 1990 (17) . These isolates were identified as K. pneumoniae by results of standard laboratory procedures, such as lack of motility, carbohydrate fermentation patterns, positive Voges-Proskauer test, and negative indole production. Chromosomal DNA was taken from each of the strains, and approximately 3 g of the purified DNA was spotted onto a Hybond-N ϩ nylon membrane (Pharmacia Amersham Biotech, Piscataway, N.J.). The DNA blot was alkaline denatured, followed by neutralization and UV cross-linking. Hybridization of the blot was performed with the Gene Images Random Prime Labeling kit (Amersham Pharmacia), and a typical result is shown in Fig. 1 .
As expected, all the novel sequences were found to be present in K. pneumoniae CG43 and absent in M5a1. The distribution of these sequences in the clinical isolates of K. pneumoniae is somewhat random, ranging from 6 to 94%. The results suggest that the pathogenic K. pneumoniae population is highly heterogeneous. Except for CG43 and CG13, none of the other bacterial strains possess all these sequences. On the other hand, none of the sequences are present in all the clinical isolates. Therefore, these DNA sequences may serve as supplementary genetic markers for epidemiological typing of K. pneumoniae strains.
In general, genes identified with subtractive hybridization are not essential for the growth of the bacteria in regular enriched media. Rather, they are likely to play a role in selective circumstances, such as colonization and multiplication in the host. This notion is reflected in this study by the identification of genes responsible for CPS biosynthesis. In vitro, CPS is not essential for the growth of K. pneumoniae in regular culture media, since CPS-deficient mutants can be readily isolated (9) . However, CPS has been shown to be a major virulence factor in K. pneumoniae, presumably functioning as a barrier against antibacterial reactions, such as phagocytosis by polymorphonucleated cells in the host (10, 21, 22) . The identification of several DNA segments of the capsular biosynthesis gene cluster may explain why strain CG43 is so much more mucoid and virulent than M5a1. Thus, it will be interesting to know whether some of these newly identified genes might be responsible for different degrees of virulence. Further analysis of these DNA sequences will provide important information on the pathogenesis of K. pneumoniae.
The B. pertussis bvgAS gene encodes a two-component signal transduction system that plays an important role in pathogenesis. It has been shown that when B. pertussis invades the host, BvgS is responsible for sensing the external signals and switches on the transcriptional activator BvgA by phosphorylation. The activated BvgA then regulates the expression of a number of virulence factors, such as pertussis toxin and adenylate cyclase toxin (8, 15) . On the basis of their sequence similarity, the regulatory mechanism exerted by the K. pneumoniae bvgAS homolog identified in this study may be very similar to that of bvgAS in B. pertussis. The presence of the bvgAS-like genes in only about 15% of the blood isolates of K. pneumoniae (Fig. 1) suggests that it is not essential for the survival of the bacterium in blood circulation. Gene disruption experiments investigating the physiological role of this novel two-component system are ongoing.
Nucleotide sequence accession numbers. Novel sequences have been deposited to the EMBL and GenBank databases under accession no. AJ276464 to AJ276466, AJ276849 to AJ276855, AJ276857, and AJ293846 to AJ293853. 
